Neural rosette formation within in vitro spheroids of a clonal human teratocarcinoma cell line, PA-1/NR: role of extracellular matrix components in the morphogenesis.
From the human teratocarcinoma-derived cell line PA-1, we established a clonal line, PA-1/NR, that stably produced a distinct cellular arrangement of neural rosettes when cultured as in vitro multicellular spheroids for 3 weeks. On immunofluorescence staining and fluorescence-activated cell sorter analyses, PA-1/NR cells in monolayer expressed the neuroectoderm-associated antigens HNK-1, NC-1, and A2B5 and the neuroblastoma-associated antigens KP-NAC8 and KP-NAC10 but lacked human embryonal carcinoma antigens, SSEA-3 or K21 antigen. Here, we investigated the developmental process of rosette formation with respect to morphological features, distribution of mitotic cells, and expression of multiple lineage-related markers and extracellular matrix (ECM) components. Ultrastructural examination of these rosettes disclosed a well-defined cavity radially surrounded by wedge-shaped or pseudostratified cells, apical microvilli and junctional complexes, and basal laminae and collagen fibrils at their basal surface. In these rosettes, many proliferating cells were detected by the immunohistochemical staining of cells incorporating bromodeoxyuridine. PA-1/NR spheroids consistently displayed neuron-specific enolase, S-100 protein, and vimentin but not glial fibrillary acidic protein, neurofilament proteins, or myelin basic protein. The rosette formation accompanied a strikingly polarized and overlapped deposition of ECM components including tenascin-carrying HNK-1 epitopes, laminin, type IV collagen, heparan, and chondroitin sulfate proteoglycans. Immunoblotting analyses showed that laminin B1 and B2 chains were constitutively expressed, whereas a fully assembled form of laminin and type IV collagen appeared only after spheroid development, suggesting that these ECM components play a morphogenetically important role in rosette formation. Close similarities between these rosettes and the neural tube of humans and experimental animals in the morphogenetic process and ECM formation lead us to propose that the PA-1/NR spheroids provide an in vitro model for the study of the earliest stage of human neurogenesis.